Biochemical characterization, integrity, and sidedness of purified skeletal muscle triads.
The release of Ca2+ from the terminal cisternae of sarcoplasmic reticulum in muscle fiber triggers muscle contraction. The signal for Ca2+ release is mediated via the triad junction, i.e. the junctional association of terminal cisternae and transverse tubule. Recently, highly purified morphologically intact triads were isolated from rabbit skeletal muscle (Mitchell, R. D., Palade, P., and Fleischer, S. (1983) J. Cell Biol. 96, 1008-1016). In this study, biochemical characterization of two variants of purified triad preparations (Pyrophosphate and Standard) is provided. Terminal cisternae of triads sequester Ca2+ at rates comparable to those of purified heavy sarcoplasmic reticulum which is referable to terminal cisternae (Meissner, G. (1975) Biochim. Biophys. Acta 389, 51-68). The permeability for calcium ions, as reflected by a 2-3-fold stimulation of (Ca2+, Mg2+)-ATPase activity in the presence of the Ca2+ ionophore A23187, and by the Ca2+ leak rate, is comparable in triads and heavy sarcoplasmic reticulum. Several transverse tubule characteristics are present in triads. Four of them, i.e. cholesterol content, ouabain binding, dihydroalprenolol binding (beta-adrenergic receptor), and ouabain-sensitive (Na+, K+)-ATPase activity, are comparably enriched in the Pyrophosphate triads and therefore appear to be quantitative indices of the amount of transverse tubule. Adenylate cyclase and basal ATPase are unreliable in this regard. Methodology for analyzing membrane integrity and sidedness was applied (adenylate cyclase activity) and modified (ouabain-sensitive (Na+, K+)-ATPase activity) to characterize the transverse tubule of the triad. In addition, a new method was developed making use of ouabain binding to study sidedness. These studies show that the transverse tubule is largely sealed and inside out in orientation, i.e. with the cytoplasmic face exposed. This report indicates that the t-tubule and sarcoplasmic reticulum components of the triads possess transport capability and retain permeability barriers for ions. Therefore, the isolated triads appear to be suitable for studying the physiological Ca2+ release process in vitro.